, using simple digitizing techniques, so that peak rates of wall movement can also be estimated. In the present study, we have compared such measurements with those based on digitized cineangiograms in order to study the relation between the two methods, and have examined potential limitations of echocardiography in estimating left ventricular cavity size from a single dimension.
Identification of echoes arising from the interventricular septum and posterior wall of the left ventricle has proved to be a significant advance in the study of cardiac function by allowing the transverse diameter of the left ventricle to be measured at end-systole and end-diastole (Chapelle and Mensch, I969; Feigenbaum et al., I969) . More recently, it has been possible to derive this dimension continuously throughout the cardiac cycle (Gibson and Brown, 1973; Griffith and Henry, 1973) , using simple digitizing techniques, so that peak rates of wall movement can also be estimated. In the present study, we have compared such measurements with those based on digitized cineangiograms in order to study the relation between the two methods, and have examined potential limitations of echocardiography in estimating left ventricular cavity size from a single dimension.
Subjects and methods
Studies were made of 23 patients with valvular heart disease or cardiomyopathy. Clinical details are given in Table I . They were a selected group in so far as all of them required left and right heart catheterization and left ventriculography for diagnostic purposes, and patients with ischaemic heart disease were deliberately excluded. In all of them it was possible to record technically satisfactory echocardiograms of the left ventricular cavity.
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Echocardiograms
In order to reduce the time interval between the two investigations, echocardiograms were performed at cardiac catheterization using techniques that have previously been described (Gibson, 1973) . Clear, continuous echoes were obtained from the posterior surface of the septum and the endocardium of the posterior wall of the left ventricle, which were distinguished from those originating from the mitral valve apparatus. Septal movement was classified as being normal if the dominant movement during ventricular systole was in a posterior direction, and reversed if in an anterior direction. In all patients, at least two records were made, with removal of the transducer and re-identification of the landmarks between the first and the second.
Angiograms
Patients were studied fasting and were premedicated with 200 mg amylobarbitone, given orally one hour before the start of the procedure. Two patients (Cases iI and 20) were investigated under general, and the remainder under local, anaesthesia. Right heart catheterization was performed in all patients, and an estimate of the cardiac output made by the direct Fick method, using an assumed basal oxygen uptake. Left ventriculography was performed 5 to I0 minutes after echocardiography, with the patient in either the posteroanterior or the right anterior oblique position. An injection of 40 to 50 ml 70 per cent Triosil was made into the left ventricle at a flow rate of 25 ml/s, and cine film exposed 
Digitization
Echocardiograms were digitized using the technique previously described (Gibson and Brown, 1973) , with a DMAC digitizing table interfaced with an IBM computer. Strings of co-ordinates were generated for 50 to 70 points on the septal and posterior wall echoes, from which the left ventricular dimension was derived by subtraction, after an interpolation procedure. Calibration data included intervals representing I cm, o.s s and the QQ interval of the beat being studied, together with a correction for lack of rectilinearity of the echocardiogram on the digitizing table. This information was stored on magnetic tape and used for further analysis. Cineangiograms were digitized in a similar manner. Successive frames of the beat to be studied were projected on to the digitizing table, starting at end-diastole, and the perimeter of the ventricular cavity, as outlined by dye, was traced with a cursor, starting from the aortic root. The co-ordinates of approximately 50 points on each frame, together with a reference point either in the thorax or on the border of the cine frame, were recorded and stored on magnetic tape for further analysis.
Analysis of dcata
Echocardiograms were analysed as previously described. Plots were made of left ventricular dimension (D), rate of change of dimension (dD/dt), and normalized rate of change of dimension (i/D.dD/dt) from which peak systolic and early diastolic rates were derived.
The method used to analyse cineangiograms is illustrated in Fig. I-4 . From stored information, the cavity outlines of the beat being studied were plotted superimposed on one another. Those from the start of the beat to the one with the smallest area were taken as systolic, 
Statistical analysis
The reproducibility of the angiographic method was investigated in detail, and expressed as the root mean square (RMS) differences between duplicate determinations of peak rates of wall movement under different circumstances in the same subject. The effects of differences between separate attempts to position the cursor using the criteria defined above were examined by comparing measurements made on the same beat on different occasions. The sensitivity of these measurements to cursor position was assessed by observing the effect of rotating it by 200 on either side of its original position, so that a total range of 400 could be studied. Finally, the difference between measurements made on successive beats was assessed. These results are summarized in Table 4 , together with RMS differences between estimates of peak rates of wall movement from separate echocardiograms in the same patient.
Linear regression between end-diastolic dimensions, and between peak systolic and diastolic rates of wall 
Results

Echocardiographic
In the group of patients studied, the end-diastolic dimension ranged from 3.4 to 8.6 cm. Septal movement was normal in I8 patients and reversed in 5, associated with right ventricular overload in 2 (Diamond et al., I97I) , mitral Starr-Edwards prostheses in 2 (Miller, Gibson, and Stephens, I973) , and mitral valve disease in I. These results are given in detail in (Fig. 6 ). 
Discussion
Using a simple digitizing technique, a continuous plot of the distance between the interventricular septum and the posterior wall of the left ventricle can be derived from a standard echocardiogram. Its first differential with respect to time gives information about the pattem of left ventricular ejection and filling which cannot easily be obtained in other ways. Indirect confirmation that the method may be of clinical value has already been provided by demonstrating a relation between the pattern of left ventricular filling and the presence of stenotic or regurgitant mitral valve disease (Gibson and Brown, 1973) , and in order to provide more rigorous validation, the current method of measur- 
